TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING 
THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Applications No* 2000-395726 filed December 26, 2000, 
and No, 2001-358332 filed November 22, 2001, the entire 
contents of both of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates to a semiconductor 
device comprising a metal insulator semiconductor (MIS) 
transistor formed on a semiconductor layer on an 
insulating film, and a method of manufacturing 
the same. 

2. Description of the Related Art 

For a long time now, a substrate having 
a single-crystal silicon film formed on an insulating 
film called the silicon-on- insulator (SOI) substrate, 
has been the subject of studies since it makes 
high-performance semiconductor devices. With recent 
developments in wafer techniques, discussions in the 
application of the SOI substrate have been increasing. 

FIGS. 21 and 22 show a plan view of 
a semiconductor device according to a conventional 



NMOS transistor. FIG. 23 is a sectional view of 
the semiconductor device taken along the line 
XXIII-XXIII line of FIGS. 21 and 22 in which wiring, 
contacts, and inter layer insulation films have 
been omitted. 

FIGS. 21-23 shows an SOI substrate 14. The SOI 
substrate 14 is formed of a buried oxide film 12 
formed on a support 11 and a semiconductor layer 13 
formed on the buried oxide film 12. Within the 
semiconductor layer 13, the active region 16 exists 
in which a p~-type substrate-potential controlling 
layer 17 is formed. On the substrate-potential 
controlling layer 17, a gate electrode 20 is formed via 
a gate insulating film 18 in a predetermined pattern. 
In the surface of the active region 16, N+-type source 
and drain regions 2 9, 29' are formed adjacent to the 
gate electrode 20, whereas in the active region 16 
facing the source and drain regions 29, 29\ a P"^-type 
body contact region 31 is formed. 

The gate electrode 20 shown in FIG. 21 is formed 
in a shape of straight line extending from body region 
to a body extension region, whereas, the gate electrode 
20 shown in FIG. 22 has a first portion 20a in a line 
shape on the body region, and a second portion 20b 
linked and formed at a right angle to the first 
portion 20a. The width of the second portion 20b 
is D2. 



In the semiconductor devices mentioned above, the 
term "body region" refers to the region in which the 
channel between the source and drain regions 29, 29' is 
formed. The term "body extension region" refers to 
a region in contact with the body region at its side 
boundary making a right angle with a gate-length 
direction and excluding the source and drain regions 
29, 29'. The body contact region 31 is a high- 
concentration region in contact with the body extension 
region at its side boundary making a right angle with 
the gate length direction for making a good contact 
with an upper electrode. 

In the transistor described in the above, the 
potential of the body region can be controlled by 
applying a voltage (potential) to the body contact 
region 3, making it possible to overcome the problem of 
"substrate-floating effect" associated with the SOI 
substrate. Also, if the same potential is applied to 
both the gate electrode 20 and the body region, the 
threshold voltage of the transistor decreases as the 
voltage of the gate electrode 20 increases, increasing 
the drain current. Accordingly, a transistor circuit 
with a high-performance can be obtained compared to 
that formed on a bulk substrate. 

The substrate floating effect produces adverse 
effects such as pass-gate leak, history effect, 
and decreased source-to-drain breakdown voltage. 



The pass-gate leak used herein refers to the phenomenon 
in which a current flows between the source and drain 
when input (source) is switched from a power supply 
voltage to a ground potential despite the pass gate 
circuit consisting of an NMOS transistor being turned 
off (gate is connected to a ground potential) • The 
history effect refers to the phenomenon where the 
switching speed of an inverter circuit varies depending 
upon the frequency of the input pulse • These adverse 
effects will cause circuit malfunction. If an attempt 
is made to avoid the circuit malfunction, the operation 
speed of the circuit will decrease. 

In the transistor shown in FIG. 21, a PN junction 
is formed by arranging the high-concentration N-type 
source and drain regions 29, 29' in a close contact 
with the high-concentration P-type contact region 31. 
To maintain the breakdown voltage of the PN junction, 
these two regions must be arranged at a predetermined 
distance d (e.g., about 0.3 /zm) . On the other hand, 
the source and drain regions 29, 29' and the body 
contact region 31 are formed by doping N-type and 
P-type impurity ions through respective openings formed 
locally on resist patterns. In this manufacturing 
method, an additional distance s (e.g., about 0.3 ^am) 
must be maintained, taking the alignment tolerance 
between two resist patterns into account. Accordingly, 
the distance Dl (d + s) between the source and drain 



regions 29, 29' and the body contact region 31 must be 
set at the long distance. 

However, if the distance Dl is increased, the area 
occupied by the transistor increases, making the chip 
size bigger and increasing the manufacturing cost. 
Also, increasing the distance Dl increases the 
parasitic resistance, making it difficult to control 
the potential of the body region and so causing 
problems due to the substrate floating effect mentioned 
previously. 

In the transistor shown in FIG. 21, the source and 
drain regions 29, 29', the P"-type substrate-potential 
controlling layer 17, and the body contact region 31 
are formed continuously. Because of this, if 
a silicide were formed on the surface of the 
semiconductor layer 13 in a self -alignment manner 
(i.e., if a salicide is formed), a short circuit would 
occur between these portions. Therefore, the salicide 
cannot be formed. However, in a transistor having 
a gate length of 0.1 /xm or less, unless a salicide is 
formed, the current driving of the transistor will be 
considerably reduced due to the parasitic resistance 
between the source and drain, decreasing the switching 
speed of the transistor circuit. 

On the other hand, in the transistor shown in 
FIG. 22, the source and drain regions 29, 29' and the 
body contact region 31 are formed by doping N-type and 



P-type impurity ions, respectively by using the second 
portion 20b of the gate electrode 20 as a mask for 
the ion doping. In this manufacturing method, the gate 
electrode 20, the N-type source and drain regions 29, 
29\ and the body contact region 31 can be formed in a 
self-alignment manner such that the high-concentration 
N-type source and drain regions 2 9, 29' and high- 
concentration P-type body contact region 31 are not 
positioned adjacent to each other. Accordingly, the 
distance D2 can be reduced by about 0.3 iim compared 
with that of the transistor shown in FIG. 21, 
minimizing the increase in area and parasitic 
resistance. In addition, a salicide can be formed, 
thus the transistor of FIG. 22 is now generally used as 
a standard transistor with body contact even for 
the gate length of 0.1 jtzm or less. 

However, there is still a problem in this case. 
Since a parasitic gate capacitance is generated in 
a region 100 in which the second portion 20b of 
the gate electrode 20 faces the substrate potential 
controlling layer 17, the switching speed of 
the transistor circuit decreases. 

BRIEF SUMMZ\RY OF THE INVENTION 
According to a first aspect of the present 
invention, there is provided a semiconductor device 
comprising: 

a semiconductor layer of a first conductive type 



formed in an active region; 

a first gate electrode formed on the semiconductor 
layer via a gate insulating film in a predetermined 
pattern; 

a first insulating mask formed on at least a part 
of the first gate electrode and a part of the 
semiconductor layer; and 

a pair of first diffusion regions of a second 
conductive type formed in the active region not covered 
with the first insulating mask and first gate 
electrode, the pair of first diffusion regions being 
positioned adjacent to the first gate electrode and 
being used as a source and drain. 

According to a second aspect of the present 
invention, there is provided a method of manufacturing 
a semiconductor device comprising: 

forming an active region; 

forming a semiconductor layer of a first 
conductive type in the active region; 

forming a first gate electrode on the 
semiconductor layer via a gate insulating film in a 
predetermined pattern; 

forming a first insulating mask on at least a part 
of the first gate electrode and a part of the 
semiconductor layer; and 

forming a pair of first diffusion regions of 
a second conductive type using as a source and drain in 



the active region adjacent to the first gate electrode 
by using the first insulating mask. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a plan view showing a semiconductor 
device according to a first embodiment of the present 
invention; 

FIGS. 2A, 3A, 4A, 5A, 6A, and 7A are sectional 
views of the semiconductor device taken long the line 
A-A of FIG. 1 and showing individual manufacturing 
steps of the semiconductor device (corresponding to 
respective sectional views) according to a first 
embodiment of the present invention; 

FIGS. 2B, 3B, 4B, 5B, 6B, and 7B are sectional 
views of the semiconductor device taken long the line 
B-B of FIG. 1 and showing individual manufacturing 
steps of the semiconductor device (corresponding to 
respective sectional views) according to the first 
embodiment of the present invention; 

FIGS. 2C, 3C, 4C, 5C, 6C, and 70 are sectional 
views of the semiconductor device taken long the line 
C-C of FIG. 1 and showing individual manufacturing 
steps of the semiconductor device (corresponding to 
respective sectional views) according to the first 
embodiment of the present invention; 

FIG. 8 is a plan view showing a resist mask 
pattern for use in manufacturing steps of a 
semiconductor device according to the first embodiment 



of the present invention; 

FIG* 9 is a plan view showing a semiconductor 
device according to a second embodiment of the present 
invention; 

FIG. 10 is a plan view showing a semiconductor 
device according to a third embodiment of the present 
invention; 

FIG, 11 is a plan view of a resist mask pattern 
for use in manufacturing steps of a semiconductor 
device according to a third embodiment of the present 
invention; 

FIG. 12 is a plan view showing a semiconductor 
device according to a fourth embodiment of the present 
invention; 

FIG. 13A is a sectional view of a semiconductor 
device taken along the line XIIIA-XIIIA of FIG. 12; 

FIG. 13B is a sectional view of a semiconductor 
device taken along the line XIIIB-XIIIB of FIG. 12; 

FIG. 13C is a sectional view of a semiconductor 
device taken along the line XIIIC-XIIIC of FIG. 12; 

FIG. 14 is a plan view showing another 
semiconductor device according to a fourth embodiment 
of the present invention; 

FIG. 15 is a plan view showing a semiconductor 
device according to a fifth embodiment of the present 
invention; 

FIG. 16A is a sectional view of a semiconductor 



device taken along the line XVIA-XVIA of FIG* 15; 

FIG. 16B is a sectional view of a semiconductor 
device taken along the line XVIB-XVIB of FIG. 15; 

FIG. 16C is a sectional view of a semiconductor 
device taken along the line XVIC-XVIC of FIG. 15; 

FIG. 17 is a plan view showing a semiconductor 
device according to a sixth embodiment of the present 
invention; 

FIG. 18A is a sectional view of a semiconductor 
device taken along the line XVI I lA-XVI I I A of FIG. 17; 

FIG. 18B is a sectional view of a semiconductor 
device taken along the line XVIIIB-XVIIIB of FIG. 17; 

FIG. 18C is a sectional view of a semiconductor 
device taken along the line XVIIIC-XVIIIC of FIG. 17; 

FIG. 19 is a plan view showing a resist mask 
pattern for use in manufacturing steps of a 
semiconductor device according to the sixth embodiment 
of the present invention; 

FIGS. 20A, 20B, and 20C are sectional views of 
semiconductor devices using a bulk substrate according 
to embodiments of the present invention; 

FIG. 21 shows a plan view of a semiconductor 
device according to a conventional technique; 

FIG. 22 shows a plan view of a semiconductor 
device according to a conventional technique; and 

FIG. 23 is a sectional view of a semiconductor 
device taken along the line XXIII-XXIII of FIGS. 21 



and 22. 

DETAILED DESCRIPTION OF THE INVENTION 
Now, embodiments of the present invention will be 
explained with reference to the accompanying drawings- 
In the description which follows, like reference 
numerals designate like structural elements, throughout 
the drawings . 

In the description described below, the term "body 
region" refers to the region in which the channel 
between source and drain regions is formed. The term 
"body extension region" refers to the region in contact 
with the body region excluding the region between the 
source and drain regions. The "body contact region" 
refers to the high-concentration region in contact with 
the body extension region, for making a good contact 
with an upper electrode. 
[First embodiment] 

FIG. 1 is a plan view showing a semiconductor 
device according to a first embodiment of the present 
invention. FIG. 1 does not show a spacer and 
a silicide film formed in a side surface of a gate 
electrode . 

As shown in FIG. 1, a P""type substrate potential 
controlling layer 17 is formed within an active 
region 16 of a semiconductor layer 13. On the P~-type 
substrate potential controlling layer 17, a gate 
electrode 20 is formed via a gate insulating film (not 
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shown) in a predetermined pattern. The gate electrode 
20 is a linear pattern extending from an isolation 
region to the active region 16* The end portion of 
the gate electrode 20 is arranged within the active 
region 16. On the end portion of the gate electrode 20 
and on the P~-type substrate potential controlling 
layer 17, an insulating mask 27 is formed across 
the active region 16 along the gate length direction. 
In the active region 16 adjacent to the gate electrode 
20, N"*"-type source and drain regions 29, 29^ are 
formed. Also, a P+-type body contact region 31 is 
formed within the active region 16 so as to face 
the source and drain regions 29, 29' and the body 
region in which the channel between the source and 
drain regions 29, 29' is to be formed adjacent to the 
insulating mask 27, The distance between the N'^-type 
source/drain regions 29 (29') and the P"*"-type body 
contact region 31 is determined depending upon a width 
D of the insulating mask 27 in a self-alignment manner. 

Note that an N~-type extension region (not shown) 
described later is formed under the insulating mask 27 
of the side of the source and drain regions 29, 29' and 
on the surface of the substrate-potential controlling 
layer 17 adjacent to the gate electrode 20. 

FIGS. 2A, 2B, 2C-7A, 7B, 7C show sectional views 
of the semiconductor device according to the first 
embodiment of the present invention in individual 



manufacturing steps. FIGS. 2A to 7A show sectional 
views of the semiconductor devices taken along the line 
A-A of FIG. 1. FIGS. 2B to 7B show sectional views of 
the semiconductor devices taken along the line B-B of 
FIG. 1. FIGS. 2C to 7C show sectional views of 
the semiconductor devices taken along the line C~C of 
FIG. 1. FIG. 8 is a plan view of a resist pattern 
for use in a manufacturing step of a semiconductor 
device according to the first embodiment. In FIG. 8, 
the N"~-type extension region is omitted which is formed 
in the region at which a resist pattern having 
an opening for an N-type impurity doping region is 
overlapped with a resist pattern of the insulating 
mask. Now, a method of manufacturing a semiconductor 
device according to the first embodiment of the present 
invention will be explained. 

A silicon-on-insulator (SOI) substrate 14 is 
formed as shown in FIGS. 2A to 2C. The SOI substrate 
14 is constructed of a buried oxide film 12 formed on 
a support substrate 11 and a semiconductor layer 13 
formed on the buried oxide film 12. Subsequently, 
an field insulating film 15 is formed in the 
semiconductor layer 13 in a predetermined pattern. 
In this manner, an active region 16 is formed with 
an island pattern. 

Next, as shown in FIGS. 3A to 3C, p-type impurity 
ions are introduced into the active region 16 in 



a concentration of 10l7 to I0I8 /cm^ in order to 
adjust the threshold voltage of a transistor, thereby 
forming the P"-type substrate-potential controlling 
layer 11. Subsequently, a gate insulating film 18 is 
formed on the active region 16. On the gate insulating 
film 18, a polysilicon film is deposited, and then, a 
resist (not shown) is formed on the polysilicon film. 
The resist is patterned to form a resist pattern 19 of 
the gate electrode shown in FIG. 8. Using the resist 
as a mask, the polysilicon film is removed to form a 
gate electrode 20 in a predetermined pattern. 

Next, using a resist pattern 21 having an opening 
for an N-type impurity doping region shown FIG. 8, as 
a mask, low concentration N-type impurity ions are 
doped into the surface of the active region 16 to 
form an N"-type extension region 22 as shown in 
FIGS. 4A-4C. 

As shown in FIGS. 5A-5C, an oxide film 23 of about 
20 nm thick is deposited over the entire surface of the 
substrate. Further on the oxide film 23, a nitride 
film 24 of about 70 nm thick is deposited. 

Thereafter, a nitride film 24 is removed in 
a predetermined pattern by anisotropic etching using 
a resist pattern 25 of an insulating mask shown in 
FIG. 8 as a mask. The etching time is adjusted such 
that the nitride film 24 on the source and drain 
regions 29, 29^ is removed, while leaving the nitride 



film 24 on the sidewall of the gate electrode 20. 
As a result, a spacer 26 of the nitride film 24 is 
formed on the sidewall of the gate electrode 20 
(as shown in FIG. 6A) and simultaneously, an insulating 
mask 27 is formed on the body extension region as shown 
in FIGS. 6B and 6C. 

As a next step, using a resist pattern 28 having 
an opening for the N-type impurity doping region (shown 
in FIG. 8) as a mask, a high concentration of N-type 
impurity ions are doped into the active region 16 to 
form N"*"-type source and drain regions 29, 29' adjacent 
to the gate electrode 20. 

Subsequently, using a resist pattern 30 having 
an opening for the P-type impurity-doping region (shown 
in FIG. 8) as a mask, a high concentration of P-type 
impurity ions are doped into the active region 16 to 
form a P'^-type body contact region 31, as shown in 
FIG. 6C. 

The source and drain regions 29, 29' and the body 
contact region 31 mentioned above are formed by doping 
the N-type and P-type impurity ions with an 
acceleration energy which is not high enough to 
penetrate the oxidation film 23 and the nitride 
film 24. In this manner, these impurity ions are 
prevented from doping into the substrate-potential 
controlling layer 17 under the insulating mask 27, as 
shown in FIG. 6B. 



Next, as shown in FIGS. lA-lC, the oxide film 23, 
the nitride film 24, and the field insulating film 15 
are removed by wet-etching to expose the surfaces of 
the body contact region 31, source and drain regions 
29, 29', and the gate electrode 20. On the exposed 
surfaces of the body contact region 31, the source 
and drain region 29, 29' and the gate electrode 20, a 
silicide film 61 is formed. Thereafter, a conventional 
MOS transistor manufacturing process is applied to 
the resultant structure to realize a MOS transistor. 

The silicide film 61 is not necessarily formed. 
However, the silicide film 61 is useful since it 
contributes to decreasing the resistances of the body 
contact region 31, the source and drain regions 29, 29' 
and the gate electrode 20. 

According to the first embodiment, the gate 
electrode 20 has a linear pattern which extends from 
the body region to body extension region. The area of 
the parasitic gate region 100 of the linear pattern is 
considerably smaller than that of the T-shaped gate 
electrode 20 shown in FIG. 22. Hence, the parasitic 
gate capacitance is reduced, preventing a decrease in 
switching speed of the circuit. As a result, a highly 
reliable circuit can be attained with a high 
performance . 

Since the insulating mask 27 is used as a mask 
when impurity ions are doped to form the source and 
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drain regions 29, 29' and the body contact region 31. 
Therefore, high-concentration N-type source and drain 
regions 29, 29' and high-concentration P-type body 
contact region 31 are self-aligned with the insulating 
mask 27 such that the regions 29, 29' are not brought 
in close contact with the region 31. In other words, 
the distance between the N-type source and drain 
regions 29, 29' and the P-type body contact region 31 
is determined depending upon the width D of the 
insulating mask 27 in a self-alignment manner. 
Therefore, the width D can be reduced up to about 
0.3 /zm. As explained above, the area occupied by 
a transistor can be reduced as compared to that of the 
conventional structure shown in FIG. 21, preventing an 
increase of a chip area, and reducing the manufacturing 
cost. In addition, the parasitic resistance is 
prevented from increasing, thereby controlling the 
potential of the body region. As a result, it is 
possible to overcome problems associated with the 
substrate floating effect such as a decrease of the 
breakdown voltage and transistor-circuit malfunction. 

Furthermore, the insulating mask 27 is formed of 
the same material (oxide film 23 and nitride film 24) 
as that of the spacer 26 used for forming the source 
and drain regions 29, 29'. Thus, the semiconductor 
device according to the first embodiment can be formed 
without increasing the manufacturing cost. 



In this embodiment, the insulating mask 27 has 
a stacked structure of the oxide film 23 and 
the nitride film 24. However, if a single-layered mask 
is used, the effects of the first embodiment can be 
obtained. 

[Second embodiment] 

In the second embodiment, the pattern of the 
active region according to the first embodiment is 
modified to reduce the area of a PN junction. In the 
second embodiment, explanation is omitted for the like 
structural elements corresponding to those in the first 
embodiment, and only different structural elements will 
be described. 

FIG. 9 shows a plan view of a semiconductor 
structure according to the second embodiment. As shown 
in FIG. 9, in the semiconductor device of the second 
embodiment, the distance (width) of an active region 
16' in a body region is narrower than that of the 
active region 16' in a body extension region along the 
gate length direction of a MOS transistor. Therefore, 
provided that the distance from a gate electrode 20 to 
an end of the active region 16' (i.e., a substrate- 
potential controlling layer 17) in which an insulating 
film mask 27 is to be formed in the gate length 
direction is represented by X, and the distance from 
the gate electrode 20 to an end of a source/drain 
region 29, 29' (a main length of the drain region 29 or 



the source region 29) in the gate length direction is 
represented by Y, the distance X is shorter than the 
distance Y. 

Note that the method of manufacturing 
a semiconductor device according to the second 
embodiment is substantially the same as that of 
the first embodiment except that the body extension 
region is shorter in width than the body region. 
Therefore, further explanation will be omitted. 

According to the second embodiment, the same 
effects as those of the first embodiment can be 
obtained. 

Compared to the first embodiment, the 
semiconductor of the second embodiment has a smaller 
contact surface 40 between an N^-type diffusion 
region of the drain region 29 or the source region 29 
and a P"-type diffusion region of the substrate- 
potential controlling layer 17. This means that 
the length of a parasitic PN junction becomes shorter. 
As a result, the parasitic capacitance decreases, 
attaining a high-speed operation of the circuit. 
Besides this, current leakage decreases, reducing 
the power consumption of the circuit. 

[Third embodiment] 

In a third embodiment, gate electrodes and source 
and drain regions are formed, with respect to the axis 
of the body contact region. The gate electrodes are 



connected to each other and the drain regions 
(or source regions) are connected to each other to form 
a single transistor. In the third einbodiment, 
explanation is omitted for the like structural elements 
corresponding to those in the first embodiment/ and 
only different structural elements will be described. 

FIG. 10 is a plan view of a semiconductor device 
according to the third embodiment of the present 
invention. 

As shown in FIG. 10, in the semiconductor device 
according to the third embodiment , insulating masks 
27b, 27a, gate electrodes 20a, 20b, and source/drain 
regions 29a/29a' and 29b/29b' are symmetrically formed 
pairwise about the axis of a p"^-type body contact 
region 31. The gate electrodes 20a and 20b are 
connected by wiring (not shown) . Likewise, the source 
regions 29a and 29b, or the drain regions 29a' 29'b are 
connected by wiring to form a single transistor. 

In manufacturing the semiconductor device 
according to a third embodiment, a high-concentration 
of N-type impurity ions are doped into an active region 
16 by using a resist pattern 28' (shown in FIG. 11) 
having openings for first and second N-type impurity 
doping regions as a mask, thereby forming source and 
drain regions 29a/29a' and 29b/29b' . On the other 
hand, p-type impurity ions are doped into the active 
region 16 by using a resist pattern 30 (shown in 



FIG. 11) having an opening for the P-type impurity 
doping region as a mask, thereby forming the P"^-type 
body contact region 31. A method of manufacturing the 
semiconductor device according to a third embodiment is 
substantially the same as in the first embodiment. 
Therefore, the explanation of the method will be 
omitted. 

According to the third embodiment, the same 
effects as those of the first embodiment can be 
obtained. 

Further in the first and second embodiments, 
an alignment error occurs between the pattern of the 
active region 16 and the pattern of the insulating mask 
27, varying the gate width W (FIGS. 1 and 9) . 
In contrast, in the third embodiment, the gate 
electrodes 20a, 20b having gate widths of Wl, W2, each 
of which corresponds one half the size of the gate 
width W shown in FIG. 1, are arranged symmetrically 
about the line (body contact region 31) . By virtue of 
this arrangement, when the gate width Wl becomes 
shorter due to the alignment error caused in the 
insulating mask 27a, the gate width W2 becomes longer 
since the alignment error simultaneously occurs in the 
other insulating mask 27b. As a result, a total 
width W, that is, the sum (Wl + W2) of two gate widths 
will not change. Accordingly, it is possible to obtain 
a constant current driving of the transistor. 



- 22 - 



SI 
Si 



In the third eitibodiiaent, the same pattern of 
the active region 16 as that of the first embodiment is 
used. However, the pattern of the active region 16' 
according to the second embodiment may be used herein. 
5 In this case, not only the effects of the third 

embodiment but also the effects of the second 
embodiment can be obtained. 
[Fourth embodiment] 

The structure of a fourth embodiment is 

10 effectively used for setting a body contact region and 

a source region at the same potential. In this case, 
the insulating mask is positioned at an end portion of 
the active region. In the fourth embodiment, 
explanation is omitted for the like structural elements 

15 corresponding to those in the first embodiment, and 

only different structural elements will be described. 

FIG. 12 shows a plan view of a semiconductor 
device according to the fourth embodiment of the 
present invention . 

20 FIG. 13A is a sectional view of a semiconductor 

device taken along the line XIIIA-XIIIA of FIG. 12. 
FIG. 13B is a sectional view of a semiconductor device 
taken along the line XIIIB-XIIIB of FIG. 12. FIG. 13C 
is a sectional view of a semiconductor device taken 

25 along the line XIIIC-XIIIC of FIG. 12. 

As shown in FIG. 12 and 13A-13C, in the 
semiconductor device according to the fourth 
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embodiment, a gate electrode 20 is formed across 
an active region 16 in a linear pattern thereon, 
An insulating mask 27 is formed at an end portion of 
the active region 16 and on a part of the gate 
5 electrode 20 and a substrate-potential controlling 

layer 17 so as to cover the gate electrode 20 along 
the gate-length direction. Furthermore, N"*"-type source 
and drain regions 2Sr 29' are formed on the surface of 
the active region 16 adjacent to the gate electrode 20. 

10 A P"^-type body contact region 31 is formed in contact 

with the source region 29 and in a part of the 
periphery of the insulating mask 27 close to the source 
region 29. The P''"-type body contact region 31 is 
arranged at a predetermined distance apart from the 

15 gate electrode 20. Under the insulating mask 27, the 

substrate-potential controlling layer 17 is formed. 
In the surface of the substrate-potential controlling 
layer 17, an extension region 22 is formed. Further, 
a silicide film 61 is formed over the body contact 

20 region 31, the source/drain regions 29, 29', and the 

gate electrode 20. The body contact region 31 is 
connected to the source region 29 with the silicide 
film 61. 

Since the body contact region 31 and the source 
25 region 29 are connected within the semiconductor layer 

13, the silicide layer 61 is not necessarily formed on 
the body contact region 31 and the source region 29. 



However, the silicide layer 61 is desirably formed. 
This is because the body contact region 31 and the 
source region 29 can be more stably kept at the same 
potential . 

The silicide film 61 may be formed in the boundary 
portion between the body contact region 31 and the 
source region 29 and may not be necessarily formed on 
the drain region 29' and the gate electrode 20. 
However, if the silicide film 61 is formed on the drain 
region 29' and the gate electrode 20, the resistance of 
the transistor can be decreased. 

The body contact region 31 and the source region 
29 are not necessarily connected by use of the silicide 
film 61 and may be connected by a contact 62 (see in 
FIG. 14) formed in the boundary portion between them. 

The insulating mask 27 is not necessarily formed 
by extending from the side near the source region 29 to 
the end portion of the drain region 29' so as to cover 
the gate electrode 20. For example, taking an 
alignment error at the time of patterning into 
consideration, the insulating mask 27 is desirably 
formed by extending from the side near the source 
region 29 so as to cover a part of the gate 
electrode 20. Note that the insulating mask 27 may be 
formed across the active region 16 along the gate 
length direction. 

The insulating mask 27 may be a stacked film 
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consisting of an oxide film and a nitride film, as is 
in the first embodiment. Either a single film or a 
stacked film may be used. 

According to the fourth embodiment, the area of a 
5 parasitic gate region 100 is considerably reduced as is 

the same in the first embodiment. Due to this, the 
parasitic gate capacitance can be reduced, thereby 
preventing the switching speed of a circuit from 
decreasing. As a result, highly reliable circuit can 

10 be realized with a high performance* 

Furthermore, if the structure of the fourth 
embodiment is applied to a transistor (CMOS inverter) 
having a diffusion region serving as a source at a 
predetermined position, it is possible to keep the body 

15 contact region 31 and the source region 29 at the same 

potential since both regions 31 and 29 are in contact 
with each other. Therefore, problems associated with 
the substrate floating effect, such as pass-gate leak 
current, history effect, a decrease of breakdown 

20 voltage, can be prevented. As a result, malfunction of 

the circuit can be prevented. Also, it is not 
necessary to reduce the operation speed of a circuit to 
avoid the malfunction. 

The pass-gate leak used herein refers to the 

25 phenomenon in which a current flows between the source 

and drain when input (source) is switched from a power 
supply voltage to a ground potential despite the pass 
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gate circuit consisting of an NMOS transistor being 
turned off (gate is connected to a ground potential) . 
The history effect refers to the phenomenon where the 
switching speed of an inverter circuit varies depending 
5 upon the frequency of the input pulses. 

[Fifth embodiment] 
p A fifth embodiment is a modified example of the 

3 

pj fourth embodiment. More specifically, the fifth 

W 

Zl embodiment is substantially the same as the fourth 

U 10 embodiment except that the position of the insulating 

: mask, and therefore the structure of this embodiment is 

y-f effective in maintaining the body contact region and 

ff^- the source region at the same potential. In the fifth 

H embodiment, explanation is omitted for the like 

15 structural elements corresponding to those in the first 

and fourth embodiments, and only different structural 
elements will be described. 

FIG. 15 is a plan view showing a semiconductor 
device according to a fifth embodiment of the present 
2 0 invention. FIG. 16A is a sectional view of 

a semiconductor device taken along the line XVIA-XVIA 
of FIG. 15. FIG. 16B is a sectional view of 
a semiconductor device taken along the line XVIB-XVIB 
of FIG. 15. FIG. 16C is a sectional view of 
25 a semiconductor device taken along the line XVIC-XVIC 

of FIG. 15. 

As is shown in FIGS. 15, and 16A-16C, the 
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semiconductor device according to a fifth embodiment 
has an insulating mask 27 arranged at the center of the 
active region 16 and covering a part of the gate 
electrode 20. In the periphery of a part of an 
insulating mask 27 near a source region 2 9, a P+-type 
body contact region 31 is formed in contact with the 
source region 29. Furthermore, a silicide film 61 is 
formed on the body contact region 31, source and drain 
regions 29, 29', and the gate electrode 20, and 
connects between the source region 29 and the body 
contact region 31. 

If the insulating mask 27 is arranged in the 
center portion of the active region 16, there is a 
region without the silicide film 61 on the gate 
electrode 20 across the active region 27 due to the 
presence of the insulating mask 27. To reduce the gate 
resistance, a contact 63 is desirably formed at each of 
both ends of the gate electrode 20. 

According to the fifth embodiment, the area of the 
parasitic gate region 100 is considerably reduced in 
the same as in the first embodiment, thereby decreasing 
the parasitic gate capacitance. It is thus possible to 
prevent the switching speed of a circuit from 
decreasing. As a result, a highly-reliable circuit can 
be realized with a high performance. 

The body contact region 31 and the source region 
29 can be maintained at the same potential as is in the 
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same way as in the fourth embodiment. It is therefore 
possible to prevent problems associated with the 
substrate floating effect, such as pass-gate leak 
current and history effect, and a decrease in breakdown 

5 voltage. 

In the fifth embodiment, when an alignment error 
^ occurs between the insulating mask 27 and the active 

0 region 16, the first gate width W3 reduces whereas the 

si; 

m second gate width W4 increases. Alternatively, the 

01 10 first gate width W3 increases, whereas the second gate 
width W4 decreases. Therefore, even if the alignment 
error occurs, the total gate width of the first gate 
width W3 and the second gate width W4 does not change. 

g Consequently, it is possible to prevent the current 

15 driving of a transistor from varying. 

[Six embodiment] 

A sixth embodiment is an example in which a 
lattice defect is formed in the vicinity of a PN 
junction. In the sixth embodiment, explanation is 
20 omitted for the like structural elements corresponding 

to those in the first embodiments, and only different 
structural elements will be described. 

FIG. 17 is a plan view showing a semiconductor 
device according to a sixth embodiment of the present 

25 invention. 

FIG. 18A is a sectional view of a semiconductor 
device taken along the line XVIIIA-XVIIIA of FIG. 17. 



FIG. 18B is a sectional view of a semiconductor device 
taken along the line XVIIIB-XVIIIB of FIG. 11. 
FIG. 18C is a sectional view of a semiconductor device 
taken along the line XVIIIC-XVIIIC of FIG. 17. 

As shown in FIG. 17 and FIGS. 18A-18C, in the 
semiconductor device according to the sixth embodiment, 
a lattice defect region 71 is formed in an active 
region 16 on a side close to a source region 29 at a 
predetermined distance apart from a gate electrode 20. 
The lattice defect region 71 is extended from between 
an extension region 22 and the substrate-potential 
controlling layer 17 formed under the insulating mask 
27 to the source region 29. In other words, the 
lattice defect region 71 is formed not only in the 
proximity of the PN junction formed between the N~"-type 
extension region 22 and the P"-type substrate potential 
controlling region 17 but also in the proximity of the 
PN junction formed between the P"-type substrate 
potential controlling region 17 and the N^-type source 
region 29. 

Incidentally, it is desirable that the lattice 
defect region 71 be present in the proximity of the PN 
junction formed between the substrate-potential 
controlling region 17 and the source region 29. It is 
also desirable that the lattice defect region 71 may be 
formed at a position deeper than the lower surface of 
the extension region 22. More specifically, the 



lattice defect region 71 may be formed at a shallow 
position which permits contact with the extension 
region 22 or at a deep position which permits contact 
with the buried oxide film 12, 

FIG. 19 is a plan view showing a resist mask 
pattern for use in manufacturing steps of a 
semiconductor device according to the sixth embodiment 
of the present invention. The method of manufacturing 
the semiconductor device according to the sixth 
embodiment differs from that according to the first 
embodiment in the point that the lattice defect region 
71 is formed and the body contact region 31 is not 
formed. The lattice detect region 71 is, for example, 
formed as follows. 

At the first place, a resist pattern 72 (shown in 
FIG. 19) is formed having an opening for the lattice 
defect region 71. The resist pattern 72 is formed in 
such a manner that the opening does not reach the side 
of the drain region 29' even if an alignment error 
occurs. Using the resist pattern 72 as a mask, argon 
ions are implanted into the opening in a dose amount of 
1 X 10l4 / 

cm ^. Thereafter, the resultant structure 
is subjected to heat treatment to recrystallize the 
region 71 having argon ions doped therein. The region 
71 contains lattice defects in a higher concentration 
than other regions. In this manner, the lattice defect 
region 71 is formed. 



As long as crystal defects are generated in 
the semiconductor layer 13, the lattice defect region 
71 can be formed. Therefore, the method of forming the 
lattice defect region is not limited to an ion-doping 
method. Irradiating the semiconductor layer 13 with 
an electron beam and a gamma beam can form the lattice 
defect region. 

The timing for forming the lattice defect region 
71 is not particularly limited. The lattice defect 
region 71 may be formed after the p-'-type substrate- 
potential controlling layer 17 is formed or after the 
insulting mask 72 is formed. 

The impurity to be doped is not limited to argon. 
Germanium and silicon may be used. 

According to the sixth embodiment, the area of the 
parasitic gate region 100 can be considerably reduced 
in the same manner as in the first embodiment, thereby 
reducing the parasitic gate capacitance. 

Further in the sixth embodiment, the lattice 
defects formed in the source region 29 act as a 
recombination center. Therefore, a recombination 
current of the PN junction between the source and body 
increases. It follows that the potential difference 
between the body and source decreases when a transistor 
is turned off, decreasing the leak current, and 
preventing malfunction of the circuit. As a result, 
the power consumption of the circuit decreases. 
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Note that the technique for forming the 
recombination center has been proposed for long. 
For example, Japanese Patent Application No. 5-52 672 
proposes a structure having a trapping center of the 
level of energy which has nearly a half of a band gap 
of the semiconductor layer. If the trapping center is 
formed over the entire active region, it increases 
junction leak current flowing in a reverse direction in 
the PN junction between the drain region and the body 
region. This increase cancels out the effect of 
reducing the leak current by increasing 
the recombination current in a normal direction. 
As a result, the leak current increases in some cases. 

To prevent this problem, Japanese Patent 
Application No. 61-43475 proposes a structure having 
a trapping center only in the PN junction between 
the source region and the body region. However, in 
the case where the gate length is 100 nm or less, 
the alignment error of the resist pattern is larger. 
It is thus quite difficult to form a resist pattern 
having an opening for ion doping only at the source 
side . 

To overcome the aforementioned problems, in 
the sixth embodiment, a body extension region is 
formed by the insulating mask 27 even in the transistor 
having a gate length of 100 nm or less and the 
lattice defect region 71 serving as a recombination 
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center is formed in the PN Junction between the source 
region 29 and the body extension region. Furthermore, 
the concentration of the recombination center is 
adjusted and the magnitude of the recombination current 
is controlled, thereby reducing the potential 
difference between the body and source during 
a transistor being turned off. In addition, the 
lattice defect region 71 is not formed at the side of 
the drain region 29', so that the leak current of the 
reverse direction between the drain region 29^ and the 
body region does not increase. 

The present invention is not limited to the 
aforementioned embodiments and may be modified in 
various ways in the practice of the invention within 
the scope of the gist of the present invention. More 
specifically, a semiconductor device using an SOI 
substrate is explained in the aforementioned 
embodiments. However, a general bulk substrate 81 
may be used as shown in FIG. 20. Also, in the 
aforementioned embodiments, an NMOS transistor is 
explained as an example. However, if N-type and P-type 
may be interchangeably used appropriately, the 
embodiments may be applied to a PMOS transistor. 

Moreover, the embodiments include various stages 
of the invention. If a plurality of structural 
elements disclosed above are appropriately combined, 
various inventions may be extracted. 



